Abstract. Metadata is a key component in the creation, management and preservation of electronic records, as well as their innovative use as archives, memory and knowledge. However metadata generation and deployment are currently resource intensive and application specific. Metadata creation is not usually fully automated. Metadata created in one application of potential relevance to other applications is not shared between applications. Although data modeling, mark up language and syntax initiatives are addressing the data representation requirements for metadata translation and exchange, this functionality has not as yet been utilized in the systems that support eGovernment and eBusiness processes, electronic recordkeeping and archival description. Moreover there has been little progress in relation to developing strategies and meta-tools for the translation of metadata attributes and values between schemas in these environments. The Monash Clever Recordkeeping Metadata (CRKM) project addresses the challenge of automating metadata creation and sharing metadata between business systems, current recordkeeping systems and archival systems. This paper explores the relevance of the CRKM project to future archival systems and the deployment of metadata for multiple archival purposes. It is presented as part of the Smart Metadata and the Archives of the Future session that aims to communicate the progress and findings of several inter-related collaborative research projects and standards initiatives. Other papers in the session report on the related work of the InterPARES 2 Description Research Team (Designing a Meta-Registry for the Registration, Analysis and Archival Extension of Pre-Existing Metadata), the San Diego Supercomputing Center's development of Persistent Archives Technology (Metadata Tools and Sustainable Archives Technologies), and the ISO Metadata for Records Standard (Smart Metadata Research and International Standards).
Represent multidimensional contexts of creation, capture, organisation and pluralisation -juridical, organisational, functional, procedural, technological and recordkeeping Provide multiple views of parallel recordkeeping universes Continuously and cumulatively weave relationships between records and related people, organisational structures, functions and activities to assist in preserving their evidential value and enable multiple access paths to records and their meanings Keep records relating to all recordkeeping and archiving processes persistently linked to the records they form and transform. Such archival systems would have great potential utility in relation to the preservation and accessibility of electronic records of continuing value, as well as to the management of current records. The locus of the archives system might exist as an interface to archival records held by an archival institution, but it might also link to all records, publicly available or not, of continuing value or not (of continuing value), still maintained in the recordkeeping systems of individual agencies. In this sense, the collective archives could be preserved and made accessible in virtual space. Custodial arrangements and issues of where the record is physically located would cease to be of prime importance (McKemmish et al. 2005, Ch. 7) .
Archivists at the beginning of the new millennium are challenged to develop archival systems for the globalised societies of the 21st century, systems that can operate beyond the level of the individual or corporate archive, and of collective archives as we now know them, to describe multiple recordkeeping realities, encompass the world views of all the parties to the transactions the records document, and provide meaningful access paths to all stakeholders. Chris Hurley has recently coined the term ''parallel provenance'' to refer to archival descriptive systems that could describe parallel recordkeeping universes:
Recognising that the documentation created within the New Zealand national archives system largely reflects the cultural views of the Pakeha majority, but living in a society in which bi-culturalism is more than mere rhetoric, Hurley began to question how the views of the Maori could be accommodated in systems defined by Pakeha standards, and to seek a set of alternative, equally valid ways of viewing and documenting the records. He is currently exploring how the Australian series system, and related metadata schema developments, with their powerful relational characteristics might accommodate such differences, enabling alternative readings of the records and their contexts to be added by different communities of stakeholders. It is possible within these frameworks to represent records from different perspectives, from the point of view of the creator, other parties to the transaction, and other stakeholders, in and through time, from individual, community, corporate and societal perspectives. (McKemmish et al. 2005, Ch. 
7).
Eric Ketelaar has explored the implications of this approach to archival practice with reference to the concept of communities of records as developed by Jeannette Bastian, and associated ideas about shared ownership and joint heritage (Bastian 2003; Ketelaar 2004 ). Bastian defines a community of records as: the aggregate of records in all forms generated by multiple layers of actions and interactions between and among the people and institutions within a community (Bastian 2003, p. 5 ).
According to this view, ''the records of a community become the products of a multi-tiered process of creation that begins with the individual creator but can be fully realized only within the expanse of an entire community of records'' (Bastian 2003, p. 3) . Thus: all layers of society are participants in the making of records, and the entire community becomes the larger provenance of the records (Bastian 2003, p. 83) .
Drawing out the implications of these conceptual approaches, Eric Ketelaar points to the matrix of mutual rights and obligations of all the parties involved and how they would extend to all aspects of recordkeeping and archiving -ownership, custodianship, appraisal, description, access and so on (Ketelaar 2004) .
Essential to the development of archival systems of the future of the kind envisaged, systems than could also negotiate and manage such matrices of mutual rights and obligations, are emerging metadata management frameworks and schemas that specify the types of standardised information or metadata that integrated archiving and recordkeeping processes operating within broad archival frameworks would need to capture in order to fulfil these multiple purposes. Within these frameworks, recordkeeping metadata is defined as: structured or semi-structured information that enables the creation, management and use of records in and through time, and within and across the domains in which they are created and used. Recordkeeping metadata is used to identify, authenticate, and contextualise records, as well as the people, processes and systems involved in their creation, management and use (Wallace 2001, p. 255) .
Metadata schemas provide semantic and structural definitions of metadata, including the names of metadata elements, how they are structured, and their meaning. Archival descriptive standards and control system specifications can be envisaged as traditional forms of recordkeeping metadata schema.
Within a records continuum frame of reference, standardisation of metadata and descriptive practices occurs across all recordkeeping environments, including business systems, recordkeeping systems, and systems for the long-term preservation of records of historical and cultural value (archives). Thus, an emphasis on the clever use of metadata, including the re-use and inheritance of metadata from different business applications and environments for further utilisation in broader cultural and accountability domains, is an emerging and distinguishing feature of the approach of the Australian records continuum community of practice.
The challenge
In current recordkeeping practice, many of the types of metadata created and used by records management systems are also created and used in a variety of other business applications, such as desktop document authoring, web content management, human resource management, and work flow systems. But records management systems as currently implemented do not draw on these other systems as sources of metadata; rather they re-create it -often in manual and resource intensive ways. A parallel situation exists in relation to resource discovery metadata. For example, in Australia AGLS resource discovery metadata, as specified in the national standard (National Archives of Australia, 2004 ) is most often created retrospectively at the time a document is made available on a web site, rather than being automatically supplied by the software in which the document was originally created, although this application would have also created almost identical metadata in order to manage and retrieve the document.
Archival organizations and programs also describe records of longterm value from scratch when they are transferred to their control, although David Bearman alerted us to the futility of such an approach and the need to develop strategies to enable descriptive systems to inherit metadata from current recordkeeping systems over 15 years-ago (Bearman 1989) . Archival description, which assures the integrity and usability of records through time, is thus hugely resource intensive as it seeks to retrospectively describe records. Efforts to provide access to archival records through gateways that operate above the level of individual archival institutions and collections also rely on similarly resource-intensive methods of retrospectively describing the records with reference to metadata or archival descriptive standards designed to support such access.
The manual descriptive processes of current archival control systems tend to be limited to documenting and privileging the role of the records creator. With automated metadata capture, there is the potential for digital records to come under the control of institutional archives with a richer metadata record incorporating metadata about other parties involved in the transactions the records document in electronic form. The availability of this metadata, along with networking technologies, paves the way for records to be more easily linked to and described in alternative contexts. Scenarios of metadata re-use in such an environment would see the archival control system having search interfaces to exploit the detail of the metadata record in order for records of relevance to be discovered, as well as mechanisms to allow for the harvesting of metadata for (re-)use in other gateways. Within these gateways harvested metadata relating to the records and their documented contexts could then be augmented with globalised views.
If archival systems of the future are to provide for emerging concepts of parallel provenance and communities of records, and manage shared ownership, joint heritage and multiple access paths, the capture and implementation of metadata which can describe multiple contexts of creation, management and use in and through time will be essential. A key challenge is to develop systems, processes and tools that will enable metadata to be created once, then used and re-used many times for multiple purposes in different contexts in and through time.
Interoperability
The Clever Recordkeeping Metadata Project (CRKM) brings together researchers and practitioners from Monash University and UCLA, the National Archives of Australia, the State Records Office of NSW, and the Australian Society of Archivists' Descriptive Standards Committee to explore issues associated with metadata interoperability.
CREATE ONCE, USE MANY TIMES
The aim is to demonstrate how we can begin to move away from the current, resource intensive processes of manual metadata attribution and stand-alone systems, towards an integrated suite of business systems and processes supporting recordkeeping and archiving functions, environments in which metadata can be created once and used many times. It is this vision of integrated system environments and clever metadata which underpins much of the development in recordkeeping metadata standards to date.
Digital environments offer us the opportunity to move away from our ''minimal descriptive systems'' (Reed 2003, p. 19 ) -but we need to take the lead in articulating our requirements and demonstrating the business case for automating the capture and re-use of metadata required for recordkeeping and archiving processes, and for reinventing archival description as a process of managing, augmenting, and re-purposing rich mines of metadata. Being able to demonstrate economic benefits is a key to leveraging the development of appropriate technology and tools, as well as the establishment of appropriate metadata management policies and procedural frameworks to support interoperability (Duff 2004, p. 37) .
There are many definitions of interoperability, but one of particular usefulness to us is that presented in discussion of the <indecs> metadata framework which provides a reference model relating to intellectual property rights management:
Interoperability means enabling information that originates in one context to be used in another in ways that are as highly automated as possible (Rust and Bide 2000, p. 6) .
With reference to this definition, we want to see metadata created in business systems which is relevant to recordkeeping being made available to records management applications, as well as metadata of relevance to business processes which is created in records management applications being re-used in business systems. We want to see metadata in organisational recordkeeping systems being inherited by archival control systems and metadata which originates in archival control systems being made available to recordkeeping and other business systems. We want to explore how metadata in archival control systems can be re-located into parallel recordkeeping universes or other information spaces. This involves exploring how metadata can cross technical, spatial and temporal boundaries in automated ways.
Taking a simple example we may want to show how the date range of items in an organisational recordkeeping system could be automatically translated to a series date range in an archival control system. A more complex example may involve looking at how author and rights elements of an AGLS record for a Web publication may be sourced from recordkeeping systems. In this case an organisational recordkeeping system may have details of particular agents associated with the development of the resource, but for Web publication an external or global view of this provenance is required. Hence, the view of provenance in the archival system may be a more appropriate source of metadata for authorship and rights information in the AGLS record. A challenge is then how to achieve this capture of knowledge of source through an automated translation mechanism.
Towards integrated systems
Recordkeeping metadata standards developers look to a future in which their standards will be implemented in integrated systems environments that enable the clever use and re-purposing of metadata. In practice there have been significant implementation problems, as current systems environments do not as yet support the integrated processes for sharing metadata and re-using it for multiple purposes anticipated by the standards developers. Moreover the development of meta-tools, such as metadata schema registries and mapping tools, which support the automatic creation of metadata and the translation of metadata attributes and values has not kept pace with the theoretical advances and standards initiatives. The metadata registries in the resource discovery sector, for example, have so far had limited functionality focusing on identifying and describing metadata schema and standards. However, archivists are not alone in envisaging integrated system environments and some of the current practical limitations are being overcome by technological developments. The lack of support in current systems for metadata sharing and re-use is a legacy of closed, proprietary systems where any metadata or data exchanged with other applications would be hard-coded into the application. This barrier is being brought down by the trend to open systems and component based architectures 1 . For applications to be viable in such environments, their data and services must be capable of being accessed, invoked and manipulated by other system components. Standardized data representations across these components are also essential. This has led to the development of a number of technologies to facilitate this integration, e.g. encoding languages like XML for the representation of structured data, lightweight communication protocols like SOAP, and other technical standards supporting web services 2 , as well as a proliferation of metadata standards initiatives supporting data interchange.
There is also growing interest in metadata schema registries as tools to support metadata re-use. A number of research and development projects have been undertaken or are underway to explore the architecture and functionality of schema registries to support metadata interoperability (OLIN; DCMI). The common vision is that such registries provide metadata about existing metadata element sets to software and/or human agents. With such metadata the agent can then determine the suitability and/or how to use the element set for its purposes. There is also interest in these registries managing mappings between metadata element sets and thus providing services to support metadata translation between applications.
Although these developments are of relevance to recordkeeping and archiving, a more comprehensive and complex view of the translation requirements associated with recordkeeping and archiving processes is emerging compared with that taken by other communities, interested in metadata interchange. This relates to our need to examine how to make possible translations to and from business systems, recordkeeping systems and archival systems, translations across levels of aggregation, translations through time, and translations across contextual boundaries.
Layers of interoperability model
In 2001-2002 researchers involved in pioneering metadata registry activities in the information management area came together as a Working Group on Metadata Registries, sponsored by the DELOS Network of Excellence on Digital Libraries. Their aim was to consolidate their experiences and ''articulate a shared set of principles underlying the construction of metadata registries'' (Baker et al. 2002) . In the resultant white paper they present a simple model of the layers of interoperability in which issues associated with metadata re-use and re-purposing may be explored -see Figure 1 .
Layer 3 is the abstract layer and is divided into an attribute space and a value space. Metadata consists of attributes, i.e. the characteristics or properties to be described such as Title, Date and Subject, and values, i.e. the values assigned to those characteristics such as the specific title, date and subject matter of a particular information resource. The attribute space encompasses the definition and description of the attributes and may be formally presented as a metadata standard. The definition of this attribute space may include data that identifies attributes, defines their purpose, describes usage rules and conditions and expresses relationships amongst them. It may also define the value space, i.e. the domains from which metadata values for an attribute may be sourced. This value space thus incorporates classification systems, controlled vocabularies and other instruments from which metadata values may be constructed. An example of this abstract layer in the resource discovery field is the definition of the Dublin Core Metadata Terms.
3 It specifies the elements, element refinements, encoding schemes, and vocabulary terms of the Dublin Core metadata schema. An example in the recordkeeping field is the National Archives of Australia's Recordkeeping Metadata Standard for Commonwealth Agencies (NAA, 1999.1).
Underpinning this abstract layer is a conceptual data model. A conceptual data model identifies the ''things'' being described and their relationship to one another. In so doing it provides the perspective or the context of metadata, hence determining the characteristics of the attribute and the value space accordingly. For example, the Dublin Core Metadata Set is based on a bibliographic model where an information resource is viewed as an object, whose content has been created by authors, which is distributed by publishers, and over which certain rights are held. Hence, these are the qualities of the object the metadata set seeks to capture. Whereas the NAA Recordkeeping Metadata Standard is concerned with information resources that function as records, the agents that create them, and the recordkeeping processes that manage them and assure their reliability and authenticity.
Layer 2 is the representation layer where ''the attributes and values of Layer 3 are represented or instantiated using particular syntactic bindings in encoding languages such as XML or XML/RDF, which are processable by machines'' (Baker et al. 2002, p. 6) . The relationship between layer 3 and layer 2 is therefore one to many, i.e. there may be many different representations of the abstract space. For example an XML Schema of the Dublin Core Metadata Element Set and an RDF Schema encoding for the Dublin Core Metadata Element Set with the definition of the title element expanded is illustrated below (see Figures 2 and 3, respectively) .
The final layer incorporates the protocols for metadata transport and exchange that allow the representations from layer 2 to be moved between systems. This is the technical layer and as noted earlier there are many technological developments in this area making the integration of systems easier. The OAI Protocol for Metadata Harvesting is one such development enabling data providers to expose their metadata to service providers who can access it. For example the National Library of Australia uses this protocol in the provision of Picture Australia, ''a federated discovery service based on aggregated metadata'' about images from a number of Australian institutions (Boston 2003) .
In the context of this model, metadata registries are defined as:
applications that use metadata languages (Layer 3) in a form processable by machines (Layer 2) in order to make those languages available for use by both humans and machines. To be processable in automated ways, in other words, the conceptual structures must be bound to machine-processable formats (Baker et al. 2002, p. 7) .
Metadata registries manage and manipulate representations of the attribute and value space, interacting with other systems using appropriate transport and exchange protocols. As a corollary to the above definition, if metadata registries are to support the automated translation of metadata between schemas, then the translations must also be in machine-processable forms. 
Recordkeeping metadata initiatives
The current status of metadata initiatives in the recordkeeping domain can be described with reference to this model. We can see that there has been much activity in the abstract layer with the development of a number of recordkeeping metadata standards and the specification of metadata needs in functional requirements for records management systems. In Australia, these initiatives have been part of a suite of standards, best practice models and guidelines developed to address the challenge of managing electronic records and other information objects. The main objectives have been to support reliable, trustworthy and accountable business processes, to provide better access to information resources online, particularly in the areas of eGovernment and eBususiness, and to support the quality, and long term preservation and accessibility of archival heritage (McKemmish 2000; Cunningham 2001 ). The suite includes international and national records management standards (Standards Australia 1996 International Standards Organisation 2001 , and standards and guidelines issued in a number of national and state government jurisdictions, including resource discovery and recordkeeping metadata standards developed by two of the industry partners in the CRKM Project, the . ISAD(G) and In Australia, the continuing evolution of the series system and the development of the Australian Recordkeeping Metadata Schema (McKemmish et al. 1999 as a framework standard for the development of sector specific recordkeeping metadata schemas and archival description standards ''reach towards ways of representing records and their contents as richly and extensively as possible'':
The Australian Recordkeeping Metadata Schema extends the Australian series system concepts of context, drawing on records continuum thinking relating to a record's complex and dynamic social, functional, organisational, procedural, and documentary contexts of creation, management, and use through spacetime, and informed by the insights of Chris Hurley and Terry Cook. The contextualisation provided in the Schema enables the linking of records to ever broadening layers of contextual knowledge in order to carry their meanings through time (McKemmish et al. 2005 , Ch. 7).
As indicated above, such initiatives relate to the abstract attributes and values layer of interoperability. In both the Commonwealth and NSW public sectors, concerns about the quality of current recordkeeping and the lack of compliance with standards point to the fact that so far the lower layers of interoperability identified in the model have not been addressed. For example, although Commonwealth government agencies are required to comply with recordkeeping metadata standards, and government web sites must use Australian Government Locator Service (AGLS) metadata to provide better access to government information online and facilitate eGovernment, audit findings confirm that in practice there are major problems with implementation of the standards (Australian National Audit Office, 2002 Office, , 2003 . In relation to archival descriptive practice, the ASA Descriptive Standards Committee sees the development processes and tools that support the clever use of metadata in archival description, in particular its inheritance from business applications and environments and its re-use for archival and cultural heritage purposes, as essential to the successful implementation of such standards.
Record keeping metadata representations
So while there has been much activity in the abstract attributes and values layer, there has been less in the representation layer.
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Developers of recordkeeping metadata standards or functional specifications for records management systems have tended to see representation issues as implementation issues. But we can see from the interoperability model, and its definition of metadata registries, that an essential requirement for automated re-use and re-purposing of metadata is the expression of the concepts in the attribute and value space in a machine processable form. So if recordkeeping metadata standard developers want automated metadata capture and re-use then they need to explore encodings that transcend particular implementations and foster the required interoperability. As part of this work, issues in the translation between the abstract and representation layers may also need investigation. The white paper of the Working Group on Metadata Registries notes that the constraints of an encoding language may mean adaptation or even distortion of the underpinning conceptual models (Baker et al. 2002, p. 7) . Thus, any such impacts will need to be assessed and addressed.
These representation issues are not for standard developers alone. It is the intent of the CRKM Project to foster dialogue between standards developers, implementers and vendors through the prototyping of an integrated system environment with tools to support metadata interchange. This environment can be used by all parties to gain shared understandings and insight into the issues that arise at this interface. For implementers and vendors, the progress made on the protocols for metadata transport and exchange means that they can now turn their attention from questions of ''how to exchange metadata'' to ''what metadata to exchange''.
Re-use and re-purposing
The layers of interoperability model can also be utilised to locate issues associated with metadata capture and re-use that the CRKM Project is seeking to investigate.
In the attribute space, we need to explore how to describe and manage data about metadata schemas in order to allow for automated translations between metadata sets. For this we can draw on the work of a related project, InterPARES 2, outlined below, which is investigating the functionality of such a registry. As our focus is on metadata related to recordkeeping, we need to examine how to make possible translations between business systems and recordkeeping systems, translations across levels of aggregation, translations through time, and translations across contextual boundaries -a more comprehensive and complex view of translation requirements than that taken by other communities interested in metadata interchange at this stage. In the information management area the focus has been on transforming metadata across similar resource description systems, while discussions of metadata interchange in business systems relate to ''in time'' rather than 'through time' translations. The Semantic Web community is developing technologies to facilitate automated data sharing and re-use across boundaries, but their vision, at this stage, has been criticized as lacking understandings of cultural dimensions and unable to deal with changing meanings in time and place (Veltman 2004) We will therefore need to look at whether these initiatives can be extended to allow for the spatial and temporal translations of attribute spaces required to support recordkeeping.
Similarly we will need to examine how the value space can undergo multi-dimensional transformations. To move metadata values through time and space we need to investigate when and how to make the underpinnings and contexts of knowledge organisation systems 7 used to construct them visible and explicit in order to preserve meanings. We may also need to investigate how mappings between value spaces are made and defined.
As well as these issues in the abstract layer, we need to investigate and specify our requirements for methods and tools to support automated translation in the representation layer. Of particular relevance to this aspect of the CRKM Project are research initiatives being undertaken at the San Diego Supercomputer Center. These initiatives, as discussed below, have looked at tools and technologies for digital archiving and long term preservation, including metadata representation, translation and on-going management.
The CRKM: conceptual framework, design and methods
Conceptual framework
The conceptual framework for the project is provided by records continuum theory and the records continuum model (Upward 1996 (Upward , 1997 McKemmish 2002) , which support the development of complex, integrated systems and processes to manage records and archives in and through time, and across space. Within this framework, records are dynamic objects and active participants in business processes and technologies. Metadata is seen as playing a vital role in maintaining the reliability and authenticity of records by documenting the contexts of their creation and use as they exist in, and move through, time and space. Metadata thereby helps to make records meaningful and accessible throughout their lifespan (McKemmish et al. 2000, p. 4) . Recordkeeping and archival processes involve the continual capture and persistent linkage of these layers of metadata with the record object, and therefore have the potential in the electronic environment to be automated and integrated into business processes.
The records continuum has also provided the conceptual framework for the development of Australian records management and recordkeeping metadata standards, including the Australian RKMS, Recordkeeping Metadata Schema (McKemmish et al. 1999 , which provides a framework for the development of sector specific recordkeeping metadata and archival descriptive standards, and is currently being redeveloped as an Australian national standard. The recently published ISO technical specification, ISO/TS 23081 -1:2004 Information and documentation -Records management processes -Metadata for records -Part 1: Principles, also drew on this Schema, adopting its conceptual models to identify the types of metadata required to support the international records management standard, ISO 15489-1 (ISO, 2001 (ISO, , 2004 . The ISO recordkeeping metadata standard, Australian RKMS and related sector specific schemas and their conceptual models are key components in the metadata management framework referenced by the CRKM Project.
Development of proof of concept prototype
The first stage of the CRKM project involves the construction of a 'proof of concept' prototype of an integrated system environment supporting automated metadata capture and re-use for a fictitious, though realistic, organisational setting. Within this environment, working models of the required meta-tools to facilitate metadata translations can be iteratively developed and evaluated. This stage will include the development and documentation of metadata creation, management, and multiple use scenarios as the basis for building the prototype.
The prototype will demonstrate how recordkeeping standardscompliant metadata can be created and captured through a mixture of automated and manual processes in particular application environments for subsequent re-use across applications for multiple purposes. It will be developed iteratively employing user-centred and rapid prototyping techniques. Existing office and workflow tools will be extended and integrated using scripting languages, to enable metadata to be re-used and value-added as the business transactions, records, information objects and resources that the metadata describes and manages move from one application to another in complex intranet and Internet environments, across domains and through time. This will allow investigation of issues associated with the translation of metadata across these boundaries as well as exploration of the design and functionality of supporting meta-tools. The aim is for the CRKM researchers to work closely with a programmer and a focus group of experts to extend existing software and metadata deployment functionality in small, user-centred iterations. Adopting this agile approach to systems development generates new ideas and re-prioritises old ones as the prototype evolves and insights develop. Unlike traditional systems development methods which attempt to develop a complete specification upfront, this approach is more responsive to evolving understandings of user needs and their interaction with technologies (Martin 2003) .
The Scenario
The National Archives of Australia will provide the test-bed for the first prototyping stage of the CRKM project, using a policy development -publishing -archiving workflow scenario, which is widely applicable to many organisations irrespective of jurisdiction or business activity conducted. Consequently, we expect the prototype based on this workflow will be an important demonstrator for engaging our audience and promoting interoperability.
The National Archives of Australia develops a range of resources from policies and strategies on recordkeeping in the Australian government to more detailed information, advice, standards, guidelines and manuals. In addition the Archives, publishes books and CDROMs about Australian history, genealogy and recordkeeping and guides to the collection. Using the selected scenario, the CRKM researchers will explore the creation, sourcing and capture of recordkeeping metadata in the process of developing such resources and creation of related records. They will then investigate how the recordkeeping metadata can be re-used for different purposes and in different environments:
1. to facilitate resource discovery as resources are published to the intranet and Internet, and CREATE ONCE, USE MANY TIMES 2. to facilitate archival intellectual control given that the 'master copies' of these resources and records relating to their development and publication form part of the national archives.
The prototype
Working with a focus group from the National Archives and guided by the Australian work process analysis national standard, CRKM researchers will derive recordkeeping and metadata requirements and specifications that will inform the iterative prototyping work. The focus group will assist CRKM researchers by helping to establish that the workflow is correctly identified and documented, source relevant authoritative metadata, validate specifications and iterations of the prototype as the prototype evolves, and provide valuable evaluation on the business utility of metadata and on the feasibility of integrated systems supporting automated capture and re-use of metadata. The first iteration of the prototype will examine automated capture and re-use on a very small scale to demonstrate that the concept is possible. For example, looking at the underlying metadata standards for the prototype, the project may demonstrate translation of a few elements across the standards with subsequent iterations building on this work. The prototype's simulation of systems and records will be derived from the business application environment of the National Archives. There policies are developed using desktop authoring applications, such as MS Word and Outlook. Records are captured and managed in a TRIM records management system. Resources are published to the public website and internally to the intranet. 'Masters' of these resources and related records will also be transferred to form part of the national archives and intellectually controlled by RecordSearch.
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The proof-of-concept demonstrator prototype will be based in this business application environment, but will use the most current version of TRIM, and will simulate an archival control system using Tabularium 9 rather than RecordSearch. It is envisaged that subsequent iterations of the prototype may involve adding the functionality of content management systems to the environment, and extending the scenario to involve the translation of metadata from the archival control system to a higher level gateway to archival resources, such as those developed using the OHRM 10 system of the Australian Science and Technology Heritage Centre.
Implementation model
The second stage of the project will involve implementing the prototype in a real world test-bed site to provide a model for best practice. Two different contexts for implementing the prototype will be used -the context of a single organisation and the context of the performance of a single function or activity across multiple organizations. This stage will include specification of the functional requirements for the implementation of the prototype at the test-bed site, extending the user-centred, iterative approach to systems development taken in the prototyping stage.
Meta-registries and Meta-tools
Prototypes of tools for metadata translation and deployment will be developed or adapted to support both the prototyping and implementation modelling stages. A working model of a mini metadata registry will be built to document and describe the different metadata standards or schemas employed by the different business applications used in the scenario and test-bed site. Its functionality will be extended to enable translation of metadata between the different metadata schemas in use so that metadata can be re-used for different business purposes and in compliance with different standards.
In developing the registry, representations of metadata schemas in machine processable forms will be investigated, drawing on the outcomes of recent data modelling, representation and syntax initiatives, as well as related work undertaken in the InterPARES 2 project and at the San Diego Super Computer Center, as described below. Mappings between the attribute and value spaces of metadata schema and mappings between metadata schemas and metadata held in business systems will also be developed. Depending on the boundaries across which these translations will need to occur, these mappings may involve rules for the aggregation of data or for making contextual metadata explicit. Investigation of how these mappings can be represented for automated processing will follow, in the first instance in the form of machine processable crosswalks, and then through iterative study of the suitability of emerging semantic web technologies.
The prototype will explore how recordkeeping metadata compliant with the Recordkeeping Metadata Standard for Commonwealth Agencies can be re-used as resource discovery metadata compliant with the AGLS Metadata Standard and as archival descriptive metadata compliant with the CRS (Commonwealth Record Series) Manual, the implementation manual for the National Archives' implementation of the series system. The project will develop the tools needed to support this translation. This will include manual mappings (in both directions) between the various metadata standards and later machine readable cross walks to enable automated translation. The project will also develop where necessary the XML DTDs and XML Schemas needed to support the metadata standards.
Relationship to other research projects

InterPARES
The CRKM Project has a close formal relationship with a major international research initiative, InterPARES 2, the International Project on the Preservation of Authentic Records in Electronic Systems, 2002 Systems, -2006 which is researching the reliability, authenticity, preservation and accessibility of electronic records of artistic, scientific and government activities:
InterPARES 2 aims at developing a theoretical understanding of the records generated by interactive, dynamic, and experiential systems, their processes of creation, and their present and potential use in the artistic, scientific and government sectors. On the basis of this understanding, the project will formulate methodologies for ensuring that the records created using these complex systems can be trusted as to their content (that is, are reliable and accurate) and as evidence (that is, are authentic), . . those that have to be kept for legal, administrative, social or cultural reasons after they are no longer needed by the organizations that created them, preserving them in authentic form over the long term, and analyzing and evaluating advanced technologies for the implementation of these methodologies in a way that respects cultural diversity and pluralism (SSHRC Grant Application Document, lnterPARES2, http://www.interpares.org/).
Outcomes from the work of the Description Team within Inter-PARES 2 will feed into the CRKM Project, particularly the development of a Metadata Schema Registry, which is particularly relevant to the translation of metadata attributes and values in the abstract layer of the interoperability model, and research relating to metatools. Similarly outcomes from the CRKM Project will also be used by Description Team researchers.
San Diego supercomputer center
A number of SDSC initiatives that are building on knowledge in the metadata and meta-tools research space are directly relevant to the CRKM Project. The San Diego Supercomputer Center's (SDSC) Data and Knowledge Systems (DAKS) program is of particular interest to the CRKM project. The DAKS program (http://daks.sdsc.edu/) includes two research labs and a number of research projects that are of mutual interest to the CRKM project. The Sustainable Archives and Library Technologies (SALT) Laboratory (http://www.sdsc.edu/ Press/03/012604 SALT.html) and the Data Grids Technology Group are investigating a number of interoperability issues. The SALT lab will be developing information technology strategies and conducting research in the areas of digital archiving and long-term preservation. The Data Grids Technology Group is pursuing research that supports interoperability across distributed resources. The Storage Resource Broker (SRB) is an example of the type of technology that is being developed that supports automated metadata management. The SRB, in conjunction with the Metadata Catalog (MCAT), provides everywhere access to data sets and resources based on their attributes rather than their names or physical locations (http://www.npaci.edu/DICE/SRB/).
Research into electronic records management sponsored by the National Archives and Records Administration (NARA) and SDSC on issues relating to preservation and metadata archiving has led to a number of other research projects aimed at developing infrastructure technologies and tools for long term preservation of digital objects.
In particular, research into the feasibility of a 'persistent archive'; a term used by the SDSC researchers in some of these projects to describe the data bits comprising digital entities and also the context that defines the provenance, authenticity, and structure of the digital entities (Moore 2003) . Another archival project of particular interest, Methodologies for Preservation and Access of Software-dependent Electronic Records (also known as Archivist Workbench, http:// www.sdsc.edu/NHPRC/) is looking at the feasibility of developing prototypes of useful tools for archivists to preserve and provide access to electronic records over the long-term. Building further on this research is a project called the Persistent Archive Testbed that will enable participating archival institutions to test SDSC's data grid and persistent archives technologies on a variety of archival collections. The research undertaken in these projects is highly relevant to the interoperability issues being explored by the CRKM project, particularly those relating to the representation layer of the model.
Research and standards initiatives
As has been discussed throughout the paper, there is a close interrelationship between the development of recordkeeping metadata standards, including archival descriptive standards, which address the abstract attributes and values layer in the interoperability model (Layer 3), and the research being undertaken in the CKRM Project. The recently published ISO technical specification, ISO/TS 23081 -1:2004 Information and documentation -Records management processes -Metadata for records -Part 1: Principles, provides a benchmark for the development of best practice metadata standards in the records and archives field relating to recordkeeping metadata attributes and values, and a set of criteria against which existing and future schemas and standards can be assessed in terms of their recordkeeping and archiving functionality. The research being undertaken by the CRKM Project will feed into the further development of the ISO, including its possible extension to address representation layer interoperability issues relating to the complex metadata translation requirements of recordkeeping and archiving processes.
Conclusion
The records continuum provides a conceptual framework that enables simultaneous multiple views of recordkeeping ''realities''.
The Australian series system and more recent initiatives like the Australian Recordkeeping Metadata Schema and the ISO standard for recordkeeping metadata set up frameworks for capturing layers of rich contextual metadata, and multiple contexts of creation, management and use in and through time to support archival purposes in the democratic societies of a globalised world of the kind envisaged by Terry Cook, Tom Nesmith, Verne Harris, Michael Piggott and Sue McKemmish (Cook 2000; Piggott and McKemmish 2002; Nesmith 1999; Harris 2001) . Most archival system implementations currently privilege the role and rights of the records creator, and represent the records creator's world view and context rather than the world views and contexts of other parties to the transaction, drawing on functional classification schemes developed at the level of the corporate or individual archive. However, within these emerging frameworks we can look to the further development of metadata and description strategies which will enable archivists in the 21st century to go beyond Scott's original vision of sequential multiple provenance to build archival systems of the future that can encompass Chris Hurley's ''parallel provenance'' and Jeannette Bastian's communities of records, and negotiate the complex matrices of mutual rights and obligations that Eric Ketelaar's vision of shared ownership and joint heritage invokes. Within these frameworks the translation of metadata between business, recordkeeping and archival systems, across levels of aggregation and contextual boundaries, and through time will be of critical importance. The research on methods and tools to support such translations being undertaken in the CRKM Project, InterPARES 2 and at the San Diego Supercomputer Center will contribute vital understandings and strategies to the clever use of recordkeeping metadata in forming and transforming the archives of the future.
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